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(54) Rutile titanium dioxide 

(57) A process for the preparation of rutile titanium 
dioxide comprises heating hydrous titanium oxide which 
readily converts to rutile titanium dioxide until at least 
99.5 per cent by weight is in the rutile crystal form. The 
test for ready conversion to rutile consists of heating the 



hydrous titanium oxide to 950°C at a rate of 1°C per 
minute. Suitable material is thereby converted to at least 
99.0 per cent rutile by weight. The product has a very 
narrow particle size and crystal size distribution and is 
an excellent pigment. 
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Description 

This invention relates to rutile titanium dioxide and 
a method for its preparation. In particular the method is 
suitable tor producing rutile titanium dioxide having nar- 
row particle size and crystal size distributions. 

It is well known that a principal factor affecting the 
opacity available from a rutile titanium dioxide pigment 
is the average crystal size of the pigment. For maximum 
optical efficiency it is also important that the distribution 
of crystal sizes is narrow and that the size distribution 
of particles (which comprise one or more crystals) is nar- 
row. For titanium dioxide having optimised crystal size 
and crystal size distribution, the best efficiency is ob- 
tained when the pigment has a high single crystal frac- 
tion (i.e. the average particle size is close to the average 
crystal size). 

It is an object of this invention to make available a 
process which can generate rutile titanium dioxide hav- 
ing narrow particle size and crystal size distributions and 
a high single crystal fraction. 

According to the invention a process for the prepa- 
ration of rutile titanium dioxide comprises subjecting to 
calcination a hydrous titanium oxide which, when heat- 
d to a temperature of 950° C at a rate of 1 °C per minute, 
forms titanium dioxide of which at least 99.0 per cent by 
w ight is in the rutile crystal form, said calcination being 
effected until a titanium dioxide is produced in which at 
least 99.5 per cent by weight is in the rutile crystal form. 

As a general rule it is acknowledged that calcination 
of titanium oxide to a very high rutile content leads to 
sintering of individual crystals and hence a relatively 
wide particle size distribution and a relatively low single 
crystal fraction. Surprisingly, the process of the inven- 
tion is capable of generating a novel product having nar- 
row crystal and particle size distributions and a high sin- 
gle crystal fraction and, accordingly, a second aspect of 
the invention comprises rutile titanium dioxide having an 
average crystal size in the range 0. 1 7 to 0.32 microme- 
tre, a particle size distribution with a geometric weight 
standard deviation less than 1 .25 and a ratio of average 
particle size to average crystal size of less than 1 .25:1. 

The process of the invention differs from conven- 
tional processes in utilising a form of hydrous titanium 
oxide which rutilises relatively easily. It is common prac- 
tice to adjust calcination conditions (e.g. by the addition 
of rutilisation inhibitors to the calcination feed) such that 
the hydrous titanium oxide is relatively slowly converted 
to rutile titanium dioxide since this is generally beneficial 
for calciner control. Hydrous titanium oxide suitable for 
use in the process of this invention can be prepared in 
a number of ways, for example by adding rutile promot- 
ers to the calciner feed, reducing the normal amount of 
rutile inhibitor add d to the calcin r feed or using a rel- 
atively large amount of rutil -promoting nucl i ( ither 
during precipitation of th hydrous titanium oxide or by 
addition to the calciner). Rutilisation promoters which 
can be present during calcination include lithium and 
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zinc compounds and rutilisation inhibitors, whose pres- 
ence should be controlled include aluminium, potassium 
and phosphorus compounds. 

One preferred embodiment of the process of the in- 
s vention comprises hydrolysing an aqueous solution of 
titanium sulphate in the presence of titanium dioxide nu- 
clei in an amount of from 0.2 per cent to 4.0 percent by 
weight calculated with respect to potential Ti0 2 in the 
titanium sulphate solution to form hydrous titanium ox- 

10 ide and subjecting said hydrous titanium oxide to calci- 
nation in the presence of a compound of sodium or a 
compound of lithium which is present in an amount be- 
tween 0.05 per cent and 0.3 per cent by weight calcu- 
lated as alkali metal oxide with respect to weight of hy- 

15 drous titanium oxide calculated as Ti0 2 and, optionally, 
in the presence of a compound of phosphorus which is 
present in an amount up to 0.25 per cent by weight cal- 
culated as P 2 O s with respect to weight of hydrous tita- 
nium oxide calculated as Ti0 2 , no other calcination ad- 

20 ditive being deliberately added, said calcination being 
continued until titanium dioxide of which at least 99.5 
per cent by weight is in the rutile crystal form is pro- 
duced. 

A variation on this preferred process comprises the 

2S further addition of a compound of aluminium to the hy- 
drous titanium oxide before calcination. However it is 
important that the amount of aluminium compound add- 
ed is strictly controlled and is related to the presence of 
niobium in the hydrous titanium oxide. Niobium com- 

30 pounds are frequently present in feedstocks used to pre- 
pare the titanium oxide and their presence generally 
causes discolouration of the finished rutile titanium di- 
oxide. This discolouration is minimised by adding suffi- 
cient aluminium compound to ensure that at least ap- 

35 proximately equimolar amounts of aluminium and nio- 
bium are present. Usually an amount slightly in excess 
of an equimolar quantity is added in order to ensure at 
least equimolar quantities when the niobium content 
varies due to production variations. Typically, the 

40 amount of aluminium compound added is about 55 per 
cent by weight calculated as Al 2 0 3 of the weight of nio- 
bium present calculated as Nb 2 O s . Some variation is 
possible but the amount of aluminium compound added 
should normally be between 52 and 62 per cent by 

45 weight (as Al 2 0 3 ) with respect to weight of niobium (as 
Nb 2 O s ). 

A further preferred embodiment of the process of 
the inventbn comprises hydrolysing an aqueous solu- 
tion of titanium sulphate in the presence of titanium di- 

so oxide nuclei in an amount of from 0.2 per cent to 4.0 per 
cent by weight calculated with respect to potential Ti0 2 
in the titanium sulphate solution to form hydrous titanium 
oxide and subjecting said hydrous titanium oxide to cal- 
cination in the pr sence of a compound of potassium 

55 which is present in an amount b tween 0.10 per c nt 
and 0.40 per cent by weight calculat d as K2O with r - 
spect to weight of hydrous titanium oxide calculated as 
Ti0 2 and, optionally, in the presence of a compound of 
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phosphorus which is pr sent in an amount up to 0.15 
per cent by weight calculated as P 2 O s with respect to 
weight of hydrous titanium oxide calculated as Ti0 2 , no 
other calcination additive being deliberately added, said 
calcination being continued until titanium dioxide of 
which at least 99.5 percent by weight is in the rutiie crys- 
tal form is produced. 

A variation on this further preferred process com- 
prises the addition of a compound of aluminium to the 
hydrous titanium oxide before calcination. As hereinbe- 
fore described the aluminium is added with the intention 
of minimising the effect of niobium impurity in the titani- 
um oxide. The amount of aluminium compound added 
is therefore between 52 and 62 per cent by weight (as 
AlgC^) with respect to weight of niobium present (as 
Nb 2 O s ) as hereinbefore described. 

In the above mentioned preferred embodiments the 
hydrous titanium oxide is precipitated in the presence of 
titanium dioxide nuclei. Such nuclei and their method of 
production are well known in the titanium dioxide indus- 
try. Normally, nuclei will be rutile-promoting nuclei and 
such nuclei are typically prepared by rapidly adding an 
aqueous solution of titanium tetrachloride containing the 
equivalent of about 200 grams per litre Ti0 2 to a solution 
of sodium hydroxide in water. 

The nuclei are present in an amount between 0.2 
per cent and 4.0 per cent by weight calculated as Ti0 2 
based on weight of potential Ti0 2 in the titanium sul- 
phate solution. Preferably the amount of nuclei is from 
1.0 per cent to 2.0 per cent by weight with respect to 

potential Ti0 2 . 

The precipitated hydrous titanium oxide is separat- 
ed from the residual titanium sulphate solution, typically 
by filtration, to produce what is normally described as 
'pulp'. The pulp is generally washed to remove soluble 
iron salts and reduce sulphuric acid contamination, fre- 
quently by reslurrying with water and filtering again. 

In one preferred process one or more compounds 
of lithium or sodium are present during the calcination 
of the hydrous titanium oxide. In af urther preferred proc- 
ess one or more compounds of potassium are present. 
Normally, it will be necessary to add these compounds 
before calcination commences. Generally, any lithium, 
sodium or potassium compounds such as chlorides, sul- 
phates or hydroxides can be used but the preferred 
compounds are lithium, sodium and potassium carbon- 
ate. 

In the embodiment using lithium or sodium the 
amount of lithium or sodium compound present is from 
0.05 per cent to 0.3 per cent by weight calculated as 
Li 2 0 or Na s O with respect to hydrous titanium oxide cal- 
culated as Ti0 2 . For lithium compounds, the preferred 
amount is from 0.05 per cent to 0.15 per cent I^O by 
weight with respect to Ti0 2 and, for sodium, the pr - 
ferr d amount is from 0.10 p r cent to 0.20 per cent 
Na 2 0 with r spect to Ti0 2 . 

Inth embodim nt in which a potassium compound 
is used as a calciner additive th amount present is from 



0.10 per cent to 0.40 per c nt by w ight calculated as 
K 2 0 with respect to hydrous titanium oxide calculated 
as TiO s . Preferably, the amount present is from 0.1 5 per 
cent to 0. 30 per cent K 2 0 by weight with respect to Ti0 2 . 
s In the preferred embodiments, a compound of phos- 
phorus is optionally present during the calcination. Fre- 
quently, phosphorus compounds are present in the hy- 
drous titanium oxide due to the presence of phosphorus 
impurities in the ore used. However, it is commonly nec- 
io essary to adjust the amount of phosphorus present by 
the addition of a phosphorus compound. Suitable com- 
pounds include phosphoric acid or, preferably, an am- 
monium phosphate. 

When sodium or lithium is used as a calciner addi- 
75 tive, the amount of phosphorus compound present, if 
used, is up to 0.25 per cent by weight calculated as P 2 O s 
with respect to hydrous titanium oxide calculated as 
TiO s by weight. Preferably a phosphorus compound is 
present in an amount equivalent to 0.05 per cent to 0.25 
20 per cent P 2 O s with respect to Ti0 2 . When used in con- 
junction with a lithium compound, the preferred amount 
of phosphorus compound is from 0.10 per cent to 0.20 
per cent by weight calculated as P 2 O s with respect to 
Ti0 2 and, when used with a sodium compound, the pre- 
ss f erred amount is up to 0. 1 5 per cent by weight calculated 
as P 2 O s with respect to Ti0 2 . 

When a potassium compound is used as a calciner 
additive, the amount of phosphorus compound present, 
rf used, is up to 0.15 per cent by weight calculated as 
30 P 2 O s with respect to hydrous titanium oxide calculated 
as TiO s . Preferably the amount of phosphorus present 
is in the range 0.05 to 0. 1 5 per cent by weight calculated 
as P 2 0 5 with respect to titanium oxide calculated as 
Ti0 2 . 

35 As mentioned hereinbefore a portion of an alumin- 
ium compound is added in carrying out a variation of 
either of the preferred processes of the invention. It is 
important that the amount of aluminium compound add- 
ed is closely related to the amount of niobium present 
40 in the 'pulp' as hereinbefore described and the actual 
amount used will be determined by analysing the 'pulp' 
or the feedstock ore for niobium. Usually not more than 
0.1 5 per cent by weight aluminium compound calculated 
as Al 2 0 3 with respect to titanium oxide calculated as 
45 Ti0 2 will be present. The aluminium compound used 
may be one of several aluminium compounds including 
aluminium chloride, hydroxide or nitrate but preferably 
aluminium sulphate is used. 

In the process of the invention the hydrous titanium 
so oxide is calcined by any conventional techniques known 
in the art. The essential feature of the calcination is that 
conditions are established which ensure that the titani- 
um dioxide produced contains at least 99.5 per cent in 
the rutiie crystal form. Pref rably, conditions ar estab- 
55 |,sh d so that at I ast 99.8 per cent of th titanium diox- 
ide produc disintherutil crystal form. A useful product 
is obtained by calcining th titanium oxide to the point 
wh r it contains 99.9 per cent by weight rutiie titanium 
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dioxide and subsequently raising th temperature of the 
titanium oxide by a further 30 to 70 degrees centigrade. 
This product has a narrow particle size distribution as 
hereinbefore discussed and also has the useful property 
of having crystals which are more spherical and less an- 
gular than titanium dioxide prepared by conventional 
processes. 

In the preferred embodiments of the invention de- 
scribed hereinbefore, the required conversion to rutile 
can be typically achieved by heating the hydrous titani- 
um oxide to a temperature in the range 850°C to 
1000°C. More commonly, this temperature is in the 
range 860°C to 930°C. 

The product of the invention has been found to pos- 
sess narrow crystal size and particle size distributions. 
Normally, however, the material discharged from the 
calciner will require milling in order to optimise the par- 
ticle size distribution and to reduce particle size and in- 
crease the single crystal fraction of the titanium* dioxide 
powder. Any suitable milling process can be used and 
several are known to persons skilled in this art. Prefer- 
ably, however, a sand mill is used in which a dispersion 
of the titanium dioxide in water is prepared and said dis- 
persion is mixed with sand particles in a milling zone 
where it is agitated by, for example, a series of discs 
mounted upon a rotating shaft. The sand particles act 
as a grinding medium and reduce the average particle 
size of the titanium dioxide. 

In order to produce the novel product which is one 
aspect of this invention milling conditions are estab- 
lished which generate a product in which the ratio of av- 
erage particle size to average crystal size is less than 
1 .25:1 . Preferably, the conditions which are established 
ensure that this ratio is less than 1.1:1. 

Typically, the average particle size is measured by 
X-ray sedimentation (e.g. by a Brookhaven BIXDC Par- 
ticle Size Analyser) and the average crystal size is de- 
termined by transmission electron microscopy on a 
rubbed out sample with image analysis of the resulting 
photograph (e.g. using a Quantimet 570 Image Analys- 
er). 

Normally, the milled titanium dioxide has an aver- 
age particle size, as determined by X-ray sedimentation, 
of less than 0.40 micrometre. Preferably the average 
size is less than 0.35 micrometre and, more preferably, 
less than 0.30 micrometre. 

Usually, the average crystal size of the product of 
the process of the invention is in the range 0.17 mi- 
crometre to 0.32 micrometre and, preferably, products 
have an average crystal size in the range 0.22 microme- 
tre to 0.30 micrometre. Frequently, the average crystal 
siz is adjusted to suit the intended use of the titanium 
dioxide. For example, when the titanium dioxide is used 
in inks, it pr ferably has an av rag crystal size in the 
rang 0.23 micrometre to 0.30 micrometre and, wh n 
used in paints, th pref rred product has an average 
crystal size in the range 0.22 micrometr to 0.26 mi- 
crometre. 



The titanium dioxide pigment particl s are normally 
subsequently treated with the surface treatments com- 
mon in this industry. For example, the particles are nor- 
mally coated with an inorganic hydrous oxide or a phos- 
5 phate. Typical oxides are oxides of silicon, titanium, zir- 
conium and aluminium. Frequently, the surface of the 
particles is also treated with an organic compound such 
as a poiyol or an alkanotamine. Typical organic com- 
pounds used aretrimethylolpropane, pentaerythritol, tri- 
10 ethanolamine and trimethylolethane. 

Conveniently, the dispersion which is a product from 
a sand mill is used for treatment with one or more inor- 
ganic compounds after which the pigment is separated, 
dried and, if necessary, micronised. 
is As already stated hereinbefore, the invention is ca- 
pable of generating a novel titanium dioxide in which the 
geometric weight standard deviation of the particle size 
as determined using a Brookhaven BIXDC Particle Size 
Analyser is less than 1.25. In preferred products of the 
20 invention the geometric weight standard deviation of 
particle size is less than 1.22. 

Normally, the geometric weight standard deviation 
of crystal size of the novel titanium dioxide is less than 
1.28. 

25 The ratio of average particle size to average crystal 
size in this product of the invention is less than 1.25:1 
and, preferably, is less than 1.1:1 

Despite the fact that in the process of the invention 
the titanium dioxide is calcined to a higher rutile content 
so than is conventionally thought to be desirable, no ad- 
verse optical effects are observed. In addition products 
made using the process of the preferred embodiments 
have been shown to have an exceptionally low abrasiv- 
ity. 

35 The invention is illustrated by the following exam- 
ples. 

EXAMPLE 1 

40 A titanium sulphate solution was prepared by di- 
gesting a slag feedstock with sulphuric acid, dissolving 
the resultant digestion cake with dilute sulphuric acid 
and clarifying the solution produced. The titanium sul- 
phate solution had an acid/titanium ratio of 1 .81 , an iron/ 

45 titanium ratio of 0.12 and a concentration equivalent to 
240 grams Ti0 2 per litre. The solution was heated to 
85° C and titanium dioxide nuclei equivalent to 1 .9% by 
weight Ti0 2 with respect to weight of potential Ti0 2 in 
the solution were added over 5 minutes. The tempera- 

50 ture of the solution was held at 85° C for 2 hours after 
which it was raised to boiling point and held for 1 hour. 
Then the solution was diluted to 1 70 grams Ti0 2 per litre 
and held at the boil for a further 15 minutes to form a 
slurry of hydrous titania. 

55 This slurry was washed and leached and then 
mix d with monoammonium phosphate to produce th 
equivalent of 0.10% P 2 O s with respect to Ti0 2 in the 
slurry and with sodium carbonate equivalent to 0.19% 
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Na 2 0 with respect to Ti0 2 . The resultant slurry was 
dried overnight at 110°C and passed through a 2 mm 
sieve. The powder produced was heated in a rotary cal- 
ciner at a rate of 1°C per minute until the product was 
found to contain 99.9% rutile. This conversion was 
achieved at a temperature of 915°C. 

The product was found to have an average crystal 
size of 0.26 micrometre and the geometric weight stand- 
ard deviation of crystal size was 1 .27 (by Quantimet 570 
Image Analyser). The product was milled in a sand mill 
until the average particle size was 0.274 micrometre as 
determined by optical density. It was then coated with 
2.6% alumina by conventional techniques involving pre- 
cipitation from aluminium sulphate and sodium alumi- 
nate. After drying and grinding, the coated pigment was 
passed through a microniser twice during which it was 
treated with 0.60% trimethylolpropane prior to the first 
pass. 

The final product had an average particle size 
(Brookhaven BIXDC) of 0.263 micrometre and an ex- 
ceptionally narrow geometric weight particle size stand- 
ard deviation of 1 .20. 

When incorporated in conventional manner into ni- 
trocellulose inks the gloss of the inks was outstanding 
and the opacity was not compromised. 

EXAMPLE 2 



A titanium sulphate solution was prepared in a sim- 
ilar manner to that used in Example 1 except that the 
feedstock was ilmenite. The solution had an acid/titani- 
um ratio of 1 .80, an iron/titanium ratio of 0.50 and a con- 
centration equivalent to 202 grams Ti0 2 per litre. A slur- 
ry of hydrous titania was produced by hydrolysis in a 
manner similar to that used in Example 1 except that the 
amount of titanium dioxide nuclei used was equivalent 
to 1 .6% by weight Ti0 2 with respect to weight of potential 
Ti0 2 in the titanium sulphate solution. 

The slurry was washed and leached and mixed with 
monoammonium phosphate to produce the equivalent 
of 0,10% P 2 0 5 with respect to Ti0 2 in the slurry and so- 
dium carbonate equivalent to 0.22% NayO with respect 
to Ti0 2 . This treated slurry was heated in a rotary cal- 
ciner at a ramp rate of 1°C per minute to a temperature 
of 950°C at which point the product was found to contain 
99.9% rutile. 

The product was found to have an average crystal 
size of 0.26 micrometre and the geometric weight stand- 
ard deviation of crystal size was 1 .26 (by Quantimet 570 
Image Analyser). The product was coarsely dry milled 
and subsequently sand milled to an average particle 
size of 0.28 micrometre with a geometric particle size 
standard deviation of 1.45 (as measured by Optical 
Density Particle Siz Analys r). It was th n coat d with 
2.5 per c nt by w ight alumina by conv ntional t ch- 
niques, dri d and pass d twic through a microniser. 

Th final product had an average particle size of 
0.27 micrometre (Brookhaven BX1 particle size analys- 



er). The particle siz geometric standard deviation was 
1.24. 

When incorporated in conventional manner into ni- 
trocellulose inks the inks had a high gloss with excellent 
5 opacity. 

EXAMPLE 3 

A titanium sulphate solution was prepared in a sim- 
10 iiar manner to that used in Example 1 . The solution had 
an acid/titanium ratio of 1.81, an iron/titanium ratio of 
0.12 and a concentration equivalent to 240 grams Ti0 2 
per litre. A slurry of hydrous titania was produced by hy- 
drolysis in a manner similar to that used in Example 1 
is except that the amount of titanium dioxide nuclei used 
was equivalent to 1.8% by weight Ti0 2 with respect to 
weight of potential Ti0 2 in the titanium sulphate solution. 

The slurry was washed and leached and mixed with 
monoammonium phosphate to produce the equivalent 
20 of 0 1 2% P 2 0 5 with respect to Ti0 2 in the slurry and so- 
dium carbonate equivalent to 0.20% Na 2 0 with respect 
to T0 2 A sample of this treated slurry was heated in a 
rotary calciner at a ramp rate of 1 0 C per minute to a tem- 
perature of 950°C at which point the product was found 
2S to contain 99.9% rutile. The bulkof the slurry was heated 
in a rotary calciner at a ramp rate of 3°C per minute until 
the titanium dioxide was converted to 99.9% rutile. 

The product was found to have an average crystal 
size of 0.24 micrometre and the geometric weight stand- 
30 ard deviation of crystal size was 1 .27 (by Quantimet 570 
Image Analyser). The product was coarsely dry milled 
and subsequently sand milled to an average particle 
size of 0.30 micrometre with a geometric particle size 
standard deviation of 1.43 (as measured by Optical 
35 Density Particle Size Analyser). It was then coated with 
2.5 per cent by weight alumina by conventional tech- 
niques, dried and passed twice through a microniser. 

The final product had an average particle size of 
0.30 micrometre (Brookhaven BX1 particle size analys- 
40 er). The particle size geometric standard deviation was 
1.24. 

When incorporated in conventional manner into ni- 
trocellulose inks the inks had a high gloss with excellent 
opacity. 

45 

EXAMPLE 4 



A titanium sulphate solution was prepared in a sim- 
ilar manner to that used in Example 2. The solution had 
so an acid/titanium ratio of 1.88 an iron/titanium ratio of 
0.80 and a concentration equivalent to 170 grams TO 2 
per litre. A slurry of hydrous titania was produced by hy- 
drolysis in a manner similar to that used in Example 1 
xcept that th amount of titanium dioxid nuclei us d 
55 was quivalent to 1 .0% by weight Ti0 2 with r spect to 
weight of potential TiQ 2 in the titanium sulphat solution. 

The slurry was washed and leached and mixed with 
monoammonium phosphate to produce the equivalent 
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of 0.10% P 2 Os with respect to Tr0 2 in the slurry, potas- 
sium carbonate equivalent to 0.22% K 2 0 with respect 
to Ti0 2 and aluminium sulphate equivalent to 0.15% 
AI2O3 by weight with respect to Ti0 2 . (The niobium con- 
tent of the slurry was 0.27% Nb 2 O s by weight with re- 
spect to Ti0 2 ). A sample of this treated slurry was heat- 
ed in a rotary calciner at a ramp rate of 1 °C per minute 
to a temperature of 950°C at which point the product 
was found to contain 99.4% rutile. The bulk of the slurry 
was heated in a rotary calciner at a ramp rate of 3°C 
until the product contain 99. 5% rutile. 

The product was found to have an average crystal 
size of 0.26 micrometre and the geometric weight stand- 
ard deviation of crystal size was 1 .25 (by Quantimet 570 
image Analyser). The product was coarsely dry milled 
and subsequently sand milled to an average particle 
size of 0.34 micrometre with a geometric particle size 
standard deviation of 1.43 (as measured by Optical 
Density Particle Size Analyser). It was then coated with 
0.1% by weight phosphate (as P 2 O s ), 0.4% by weight 
titania, 0.5% by weight zirconia, 0.6% by weight silica 
and 3.3% by weight alumina by conventional technique, 
dried and passed twice through a microniser. 

The final product had an average particle size of 
0.31 micrometre (Brookhaven BX1 particle size analys- 
er). The particle size geometric standard deviation was 
1.22. 

When incorporated in conventional manner into ni- 
trocellulose alkyd paints the inks had a good gloss with 
high opacity. 

EXAMPLE 5 

A titanium sulphate solution was prepared in a sim- 
ilar manner to that used in Example 1 . The solution had 
an acioVtitanium ratio of 1.81, an iron/titanium ratio of 
0.12 and a concentration equivalent to 240 grams Ti0 2 
per litre. A slurry of hydrous titania was produced by hy- 
drolysis in a manner similar to that used in Example 1 
except that the amount of titanium dioxide nuclei used 
was equivalent to 3.5% by weight Ti0 2 with respect to 
weight of potential Ti0 2 in the titanium sulphate solution. 

The slurry was washed and leached and mixed with 
monoammonium phosphate to produce the equivalent 
of 0.10% P 2 O s with respect to Ti0 2 in the slurry and so- 
dium carbonate equivalent to 0.20% Na 2 0 with respect 
to Ti0 2 . This treated slurry was heated in a rotary cal- 
ciner at a ramp rate of 1°C per minute to a temperature 
of 860°C at which point the product was found to contain 
99.9% rutile. Heating was then continued until the tem- 
perature reached 900° C at which point calcination was 
stopped. 

The product was found to have an average crystal 
siz of 0. 1 9 micrometre and the geom trie weight stand- 
ard d viation of crystal size was 1 .25 (by Quantimet 570 
Image Analys r). Th mean aspect ratio of th product 
was 1 .49. The product was coarsely dry milled and sub- 
sequently sand milled to an average particle size of 0. 22 



microm tre with a geom trie particle size standard de- 
viation of 1 .39 (as measured by Optical Density Particle 
Size Analyser). It was then coated with 0.5 per cent by 
weight alumina by conventional technique, dried and 
s passed through a microniser. 

The product was found to have a high bulk density 
relative to conventional products, a property believed to 
be associated with the sphericity of the particles. 

10 EXAMPLE A (comparative) 

This Example demonstrates that calcination to at 
least 99. 5% rutile is important to achieve the desired 
pigmentary properties. 

15 a titanium sulphate solution was prepared in a sim- 
ilar manner to that used in Example 1 . The solution had 
an acid/titanium ratio of 1.81, an iron/titanium ratio of 
0.1 2 and a concentration equivalent to 240 grams Ti0 2 
per litre. A slurry of hydrous titania was produced by hy- 

20 drolysis in a manner similar to that used in Example 1 
except that the amount of titanium dioxide nuclei used 
was equivalent to 1.8% by weight Ti0 2 with respect to 
weight of potential Ti0 2 in the titanium sulphate solution. 
The slurry was washed and leached and mixed with 

25 monoammonium phosphate to produce the equivalent 
of 0.1 1% P 2 O s with respect to T0 2 in the slurry and so- 
dium carbonate equivalent to 0. 18% Na 2 0 with respect 
to Ti0 2 . This treated slurry was heated in a rotary cal- 
ciner at a ramp rate of 1°C per minute to a temperature 

30 of 950°C at which point the product was found to contain 
99.9% rutile. The bulk of the slurry was calcined in a 
rotary calciner at a ramp rate of 3°C and heating was 
discontinued when the product contained 98.5% rutile. 
The product was found to have an average crystal 

35 size of 0.21 micrometre and the geometric weight stand- 
ard deviation of crystal size was 1 .32 (by Quantimet 570 
Image Analyser). The product was coarsely dry milled 
and subsequently sand milled to an average particle 
size of 0.29 micrometre with a geometric particle size 

40 standard deviation of 1.47 (as measured by Optical 
Density Particle Size Analyser). It was then coated with 
2.5 per cent by weight alumina by conventional tech- 
nique, dried and passed twice through a microniser 
The final product had an average particle size of 

45 o.29 micrometre (Brookhaven BX1 particle size analys- 
er). The particle size geometric standard deviation was 
1.29. 

When incorporated in conventional manner into ni- 
trocellulose inks the inks had a normal gloss and opacity 
50 compared to conventional pigments. 

EXAMPLE B (comparative) 

This Example d monst rates that a hydrous titanium 
55 oxide 'pulp' which do s not meet the test for rapid rutili- 
sation does not give a satisfactory product. 

A titanium sulphat solution was prepared in a sim- 
ilar manner to that used in Example 1 . The solution had 
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an acid/titanium ratio of 1.81, an ironAitanium ratio of 
0.12 and a concentration equivalent to 240 grams Ti0 2 
per litre. A slurry of hydrous titania was produced by hy- 
drolysis in a manner similar to that used in Example 1 
except that the amount of titanium dioxide nuclei used s 
was equivalent to 2.2% by weight Ti0 2 with respect to 
weight of potential Ti0 2 in the titanium sulphate solution. 

The slurry was washed and leached and mixed with 
monoammonium phosphate to produce the equivalent 
of 0.20% P 2 0 5 with respect to Ti0 2 in the slurry, sodium to 
carbonate equivalent to 0.02% Nap with respect to 
TiO s> potassium carbonate equivalent to 0.28% 
with respect to Ti0 2 and aluminium sulphate equivalent 
to 0.20% Al 2 0 3 with respect to Ti0 2 . A sample of this 
treated slurry was heated in a rotary calciner at a ramp « 
rate of 1°C per minute to a temperature of 950°C at 
which point the product was found to contain 90.0% ru- 
tile. The bulk of the slurry was heated at a ramp rate of 
3°C per minute and the conversion to rutile monitored. 
When the product reached 990°C the proportion of rutile 20 
was 98.0% and calcination was stopped: 3. 

The product was found to have an average crystal 
size of 0.23 micrometre and the geometric weight stand- 
ard deviation of crystal size was 1 .32 (by Quantimet 570 
Image Analyser). The product was coarsely dry milled 2s 
and subsequently sand milled to an average particle 
size of 0.30 micrometre with a geometric particle size 4. 
standard deviation of 1.51 (as measured by Optical 
Density Particle Size Analyser). It was then coated with 
3.2 per cent by weight alumina and by 0.8 per cent by 30 
weight titania by conventional techniques, dried and 
passed twice through a micron iser. 

The final product had an average particle size of 5, 
0.29 micrometre (Brookhaven BX1 particle size analys- 
er). The particle size geometric standard deviation was 3$ 
1.31. 

When incorporated in conventional manner into ni- 
trocellulose inks the inks had a normal gloss and opacity 
in comparison to conventional pigments. ^ 

G 

Claims 



1 . A process for the preparation of rutile titanium diox- 
ide comprising subjecting to calcination a hydrous 45 
titanium oxide characterised in that said hydrous ti- 
tanium oxide has the property of forming titanium 
dioxide ol which at least 99.0 per cent by weight is 7. 
in the rutile crystal form when heated to a temper- 
ature of 950°C at a rate of 1 °C per minute and said so 
calcination is effected until a titanium dioxide is pro- 
duced in which at least 99.5 per cent by weight is in 

the rutile crystal form. 

2. A process for the preparation of rutil titanium diox- ss 
id comprising hydrolysing an aqu ous solution of 
titanium sulphate in the presence of titanium dioxide 
nuclei to form hydrous titanium oxide and subjecting 



said hydrous titanium oxide to calcinatbn charac- 
terised in that an amount of from 0.2 per c nt to 4.0 
per cent by weight titanium dioxide nuclei calculated 
with respect to potential TO 2 in the titanium sul- 
phate solution is present during hydrolysis and said 
hydrous titanium oxide is calcined in the presence 
of a compound of sodium or a compound of lithium 
which is present in an amount between 0.05 per 
cent and 0.3 per cent by weight calculated as alkali 
metal oxide with respect to weight of hydrous tita- 
nium oxide calculated as Ti0 2 and, optionally, in the 
presence of a compound of phosphorus which is 
present in an amount up to 0.25 per cent by weight 
calculated as P 2 0 5 with respect to weight of hy- 
drous titanium oxide calculated as TO 2 , no other 
calcination additive being deliberately added, said 
calcination being continued until titanium dioxide of 
which at least 99.5 per cent by weight is in the rutile 
crystal form is produced. 

A process according to claim 2 characterised in that 
a compound of lithium is present during calcination 
in an amount in the range 0.05 per cent to 0. 1 5 per 
cent by weight calculated as L^O with respect to 
weight of hydrous titanium oxide calculated as Ti0 2 . 

A process according to claim 2 characterised in that 
a compound of sodium is present during calcination 
in an amount in the range 010 per cent to 0.20 per 
cent by weight calculated as Na 2 0 with respect to 
weight of hydrous titanium oxide calculated as Ti0 2 . 

A process according to claim 2 or 3 characterised 
in that a compound of lithium and a compound of 
phosphorus are present during calcination, the 
phosphorus compound being present in an amount 
in the range 0. 1 0 per cent to 0.20 per cent by weight 
calculated as P 2 O s with respect to hydrous titanium 
oxide calculated as Ti0 2 . 

k A process according to claim 2 or 4 characterised 
in that a compound of sodium is present during cal- 
cination, and, optionally, a compound of phospho- 
rus is present in an amount up to 0.1 5 percent by 
weight calculated as P 2 O s with respect to hydrous 
titanium oxide calculated as TO 2 . 



A process for the preparation of rutile titanium diox- 
ide comprising hydrolysing an aqueous solution of 
titanium sulphate in the presence of titanium dioxid 
nuclei to form hydrous titanium oxide and subjecting 
said hydrous titanium oxide to calcination charac- 
terised in that an amount of from 0.2 per cent to 4.0 
perc ntbyw ight titanium dioxid nucl icalculat d 
with r spect to potential TO 2 in the titanium sul- 
phat solution is present during hydrolysis and said 
hydrous titanium oxide is calcined in th presence 
of a compound of potassium which is present in an 

. available copy 



oMenrv»irv ^co 



13 



EP 0 779 243 A1 



14 



amount betw n 0.10 percent and 0.40 per cent by 
weight calculated as K 2 0 with resp ct to weight of 
hydrous titanium oxide calculated as TiOg and, op- 
tionally, in the presence of a compound of phospho- 
rus which is present in an amount up to 0.15 per 
cent by weight calculated as P 2 O s with respect to 
weight of hydrous titanium oxide calculated as Ti0 2 
no other calcination additive being deliberately add- 
ed, said calcination being continued until titanium 
dioxide of which at least 99.5 per cent by weight is 
in the rutile crystal form is produced. 

8. A process according to any one of claims 2 to 7 
characterised in that a compound of aluminium is 
also present during calcination, in an amount which 
is at least approximately equimolar to the amount 
of any niobium present in the hydrous titanium ox- 
ide. 

9. A process according to claim 8 characterised in that 
the compound of aluminium is present in an amount 
between 52 and 62 per cent by weight calculated 
as Al 2 0 3 with respect to weight of niobium present 
calculated as Nb 2 0 5 . 

10. A process according to claim 8 or 9 characterised 
in that the compound of aluminium is present in an 
amount up to 0.1 5 percent by weight calculated as 
Al 2 0 3 with respect to hydrous titanium oxide calcu- 
lated as Ti0 2 . 



claims charact rised in that the titanium dioxide is 
coated after calcination with an inorganic hydrous 
oxide, a phosphate or an organic compound. 

s 16. Rutile titanium dioxide having an average crystal 
size in the range 0.17 to 0.32 micrometre charac- 
terised in that said rutile titanium dioxide has a par- 
ticle size distribution with a geometric weight stand- 
ard deviation less than 1.25 and a ratio of average 

10 particle size to average crystal size less than 1.25:1. 

17. Rutile titanium dioxide according to claim 16 char- 
acterised in that the rutile titanium dioxide has a ge- 
ometric weight standard deviation of crystal size 

is less than 1.28. 

18. Rutile titanium dioxide according to claim 16 or 17 
characterised in that the rutile titanium dioxide has 
a ratio of average particle size to average crystal 

20 size less than 1.1:1. 



25 



30 



11. A process according to any one of claims 2 to 10 
characterised in that the hydrous titanium oxide is 
heated during calcination to a temperature in the 
range 850°C to 1000°C. 35 

12. A process according to any one of the preceding 
claims characterised in that the calcination is con- 
tinued until a titanium dioxide is produced in which 

at least 99.9 percent by weight is in the rutile crystal 40 
form and the temperature of the titanium dioxide is 
subsequently raised by a further 30 to 70 degrees 
Centigrade. 

13. A process according to any one of the preceding 45 
claims characterised in that the material discharged 
from the calciner is subjected to a milling process 
until the ratio ot average particle size to average 
crystal size is less than 1 .25:1 . 

so 

14. A process according to any one of the preceding 



claims characterised in that the material discharged \ ■ _ . v | ^^^)P^ 



from the calciner is subjected to a milling process ^C'v 
in which the average particle siz as measured by 
X-rays dim ntation is reduced to I ss than 0.40 mi- ss 
crom tre. 



15. A process according to any one of the preceding 
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